Background: Relationships between various climate factors and stroke have long been a subject of investigation. The present study investigated in a single medical center the effects of periodic temperature changes on the onset of intracerebral hemorrhage (ICH), subarachnoid hemorrhage (SAH), atherothrombotic infarction (AI), lacunar infarction (LI), cardiogenic embolism (CE), and transient ischemic attack (TIA).
Introduction
Blood vessels in the human skin contract at low ambient temperatures and extend at high temperatures 1 . Blood pressure also increases at low ambient temperatures 2 8 .
With these factors, the number of patients of hospitalized for strokes tends to increase during cold seasons 9 12 . Furthermore, the incidence of ischemic stroke tends to increase at high temperatures 13 . In addition to temperature extremes potentially influencing stroke onset, comparative temperature change also appears to be a factor. Although several studies have examined the effect of absolute ambient temperature on stroke onset, few studies have examined the role of relative temperature change 14 .
Therefore, the present study investigated the effects of changes in both absolute and relative ambient temperatures on the number of patients admitted for stroke at our medical center. The present study also assessed how temperature factors influence different stroke subtypes during the acute phase.
Materials and Methods

Subjects
The present study retrospectively evaluated data from 4,310 patients who had, for an acute stroke, been admitted to Nippon Medical School Chiba Hokusoh Hospital.
This hospital is located in the northwest part of Chiba Prefecture, Japan, and is 46.7 km from the city of Tokyo and 16.1 km away from Tokyo Narita Airport 15 . The hospital is an active regional stroke center composed of modern stroke-care units equipped with stroke nurses, a stroke hotline telephone system enabling direct communication between local general practitioners and the stroke care unit, and a helicopter emergency medical service with qualified physicians on board. A unique feature of our center is that patients do not come from a broad range of areas, which is a feature of all other medical emergency services in Japan. The institution is the only comprehensive stroke-care unit in the region, which enables a regionally comprehensive study at a single stroke center. 
Ambient Temperature
A database from the Japan Meteorological Agency was used for climate analysis. The following meteorological factors were acquired by an automated data acquisition system, which includes more than 1,300 locations in Japan, and every hour measured ambient temperature, precipitation (rainfall), hours of sunlight, and wind direction and speed. All data acquisitions were based on Japan Meteorological Agency policies. We used temperature data acquired from the closed system to our institution, 
Results
The observed temperature was 14. Over the 6-year study period, the average temperature change within a season was consistent (Fig. 1) . The number of strokes showing onset was greater in the winter (December to February) (Fig. 1) . The number of AI and CE tended to increase during the summer. The number I. Takumi, et al Fig. 1 Relationship between monthly mean ambient temperature and the daily number of stroke admissions based on subtype A: monthly mean ambient temperature, B: monthly mean of admissions per day due to intracerebral hemorrhage, C: for subarachnoid hemorrhage, D: for atherothrombotic infarction, E: for lacunar infarction, F: for cardiogenic embolism, and G: for transient ischemic attack.
of TIAs was relatively small throughout the study period. The differences between the mean temperatures of a day and the previous week tended to be negative, indicating that the day was colder than the previous week, for all subtypes of stroke, except TIAs, on days when 2 or more patients with a stroke had been admitted (Fig.   2) .
The characteristics of patients admitted to the hospital because of a stroke are shown in Table 1 
Discussion
The present study indicates that the onset of both hemorrhagic and ischemic strokes increases on the basis of a Ambient Temperature Change Increases Stroke Fig. 2 Relationship between daily number of admissions and changes in ambient temperature A: monthly mean of admissions per day for intracerebral hemorrhage, B: for subarachnoid hemorrhage, C: for atherothrombotic infarction, D: for lacunar infarction, E: for cardiogenic embolism, and F: for transient ischemic attack, Δ temperature: the difference between the mean daily temperature and mean temperature over the past 7 days. sudden decrease in ambient temperature. One previous study reported no significant relationship between temperature change and stroke onset; however, both relative increases and decreases in temperature have been found to be related to an increased risk for ischemic stroke 14 .
Another study revealed a higher risk of acute ischemic stroke in the hours and days following colder temperatures, even after adjusting for air pollutant particles with a diameter of 2.5 μM or less, and regardless of season 17 .
The present findings are consistent with those of other previous studies that found that either colder temperatures are associated with a higher risk for ischemic stroke 18 20 or that there is a null association 21 . The mechanisms underlying colder ambient temperature change and stroke occurrence have included blood pressure, platelet count or viscosity, cholesterol, heart rate, plasma fibrinogen, and peripheral vasoconstriction. Most hypotheses are based on an observed association between temperature and cardiac issues or markers or a systemic circulation analysis 17 . Reasons for null associations include different study samples, locations, and time periods 13, 22 .
Another finding of the present study is that absolute temperature is associated with stroke onset. Decreases in minimum temperature were a risk factor for hemorrhagic stroke, and increases in maximum temperature were a risk factor for ischemic stroke. However, a significant relationship was not found between a comparative increase in temperature and ischemic stroke but was found between a relative decrease in temperature and hemorrhagic stroke. Thus, a continuity of higher ambient temperature, not a relative change, might be a risk factor for ischemic stroke. Although not all studies support these relationships, a study in China has suggested that a *significant increase in the number of admissions coinciding with an increase in temperature and † coinciding with a decrease in temperature. Each whole model test was p<0.0001. ‡ "Estimate" refers to the increase in the daily number of cases of stroke admitted when the temperature increased by 1˚C. Abbreviations: ICH: intracerebral hemorrhage, SAH: subarachnoid hemorrhage, AI: atherothrombotic infarction, LI: lacunar infarction, CE: cardiogenic embolism, TIA: transient ischemic attack, MET, mean ambient temperature for a particular day; MAT, maximum temperature for the day; MIT, minimum temperature for the day; DMA, differences between the mean temperatures of a day and the previous week.
higher temperature is a protective factor against ischemic strokes 11 . This discrepancy of relationships between temperature and incident rate of cerebral infarction differs from study to study might be due to a focus on weekly temperature changes in the present study. For example, a study in various Korean cities has found that higher temperatures increase ischemic stroke mortality (by 2.3% to 5.4%) 13 . Interestingly, the effect of higher temperatures on mortality has been observed only with ischemic strokes but not with hemorrhagic strokes 6, 22, 23 . A possible mechanism for the increased mortality rate of ischemic strokes is that heat induces patient dehydration, which increases blood viscosity.
The present study has also demonstrated that increases in maximum temperature are associated with the onset of ICH. Previous studies have found that hypertension is a major risk factor for ICH, even though several studies have found that blood pressure is lower in the summer than in the winter 1 3 . One study measuring ambulatory blood pressure has found that hot weather is associated with increases in systolic blood pressure during the night among elderly persons with hypertension 5 . Summer nights in Japan tend to have a higher temperature-humidity index (this means both the temperature and humidity are high); as a result, the entire day is uncomfortable. Thus, high temperatures at night might be related to the presence of insomnia, which might then encourage hypertension 24 . Because air conditioners are widely used in Japan, persons who have been exposed to a sudden decrease in temperature (resulting from being outside in the scorching heat and coming into a building with significantly cooler air) may experience a potentially detrimental change in high blood pressure.
A limitation of the present study was that it examined only ambient temperature rather than fluctuations in indoor temperature. Therefore, it was not possible to address the full variability in temperature exposure among individual conditions 10 . whether the subject was indoor or outdoor, at work or at rest. The relationship with other meteorological factors, such as humidity and atmospheric pressures, was not included in our results.
This relationship should be examined in a future study.
Various meteorological factors have been investigated in terms of their relationships with the occurrence of strokes. These meteorological factors include hourly changes in ambient air temperature, atmospheric air pressure, and humidity. At times, these relationships are examined in terms of circadian rhythms (or more robust daily and monthly factors) to uncover seasonal relationships regarding stroke incidence. Data for the aforementioned hourly factors were automatically acquired from regional meteorological centers for a more precise analysis 25, 26 . The present analysis was based on an automated data acquisition system in Japan as a way to compile a single medical institute case series for enhancing methodological precision.
On the basis of the present study, persons at high risk for stroke should be aware of various temperature fluctuations in their environment (particularly significant decreases in temperature). Although no one can completely avoid exposure to cold temperatures, one should reduce prolonged exposure to outdoor cold or ensure proper attire when exposed to those elements 1 .
Conclusion
Both absolute and relative decreases in ambient temperaAmbient Temperature Change Increases Stroke ture appear to be related to the increased occurrence of hemorrhagic and ischemic strokes. Specifically, AI and CE occur more frequently with an increase in ambient temperature. Furthermore, exposure to a sudden decrease in temperature may increase the risk of stroke.
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